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Abstract: 
Objective: We conducted an observational follow-up study, where our goal was to better understand 
the occurrences of hallucinations, delusions and delirium after cardiothoracic surgery, and to 
examine whether cognitive functioning was dependent of the occurrence of delirium, in both 
patients who hallucinated and patients who were delusional. We aimed to report reliable incidence 
rates, to investigate whether hallucinations and delusions occurred more often as separate disorders 
or in combination with delirium, and to investigate the effects of delirium on cognitive functioning. 
Methods: 204 cardiothoracic patients (<18 years) were included and tested for hallucinations and 
delusions, delirium, and cognitive functioning, using the Questionnaire Psychotic Experiences, 
Confusion Assessment Method-Intensive Care Unit and Mini-Mental State Examination respectively. 
Results: Hallucinations occurred in 25% of our study population. Of these patients (n=50),  14% 
suffered from hallucinations and delirium (n=7), while 86% suffered from hallucinations only (p < 
.001). Delusions occurred in 3% of our study population. Of these patients (n=5), two patients 
suffered from delusions and delirium, while three patients suffered from delusions only. No 
significant results were found regarding cognitive functioning. 
Conclusion: Hallucinations after cardiothoracic surgery occurred significantly more often as a 
separate disorder than in combination with delirium. Due to the low incidence of delusions after 
cardiothoracic surgery, no definitive answers can be given on the occurrence of delirium in delusional 
patients. Due to the lack of data, no definitive answer can be given regarding the effects of delirium 
on cognitive functioning.  
  
Introduction: 
Hallucinations and delusions may occur following cardiothoracic surgery (Kastaun et al., 2011; 
Kirshner, 2007). However, lack of research leaves us with little information on incidence or 
symptomatology, and whether these two conditions occur as separate disorders, or whether they are 
part of an underlying disorder, for instance, post-operative delirium. Furthermore, the effects of 
hallucinations and delusions on patient’s well being have not been researched, leaving us with a lot 
of unanswered questions. This study aimed to provide some much needed answers on the incidence, 
whether the two disorders occur as separate disorders, or as part of a delirium, and the association 
between these disorders and impaired cognitive functioning. 
 
The Diagnostic and Statistical Manual of Mental Disorders (5th ed.;  DSM–5; American Psychiatric 
Association, 2013) states that hallucinations are experiences in perception that occur without an 
external stimulus. These hallucinations can occur in any sensory modality (i.e., visual, auditory, tactile 
and olfactory). After cardiothoracic surgery, patients often report hallucinations that are visual in 
nature (Kastaun et al., 2011; Blachly & Starr, 1964; Cutting, 1987, as cited in Meagher et al., 2007). 
Furthermore, we know most of these patients are aware of the fact that they are hallucinating. 
Although these visual hallucinations can occur when patients have their eyes open,  in some cases 
the hallucinations only occur on eye closure, with no hallucinations after eye opening (Eissa, Baker, & 
Knight, 2005).   
 
Hallucinations could occur as a standalone syndrome, or they could co-occur with a delirium. A 
delirium is described by the DSM-V as a disturbance in attention, awareness, and cognition. These 
symptoms should represent a change of the patient’s normal behavior. Furthermore, it develops 
over a short period of time and fluctuates during the course of a day. (American Psychiatric 
Association, 2013). A delirium commonly develops after surgery,  with a reported incidence rate of 8 
to 57% after cardiothoracic surgery (Lin, et al., 2012, as cited in O’Regan et al., 2013; Blachly & Starr, 
1964; Burns et al., 2009; Detroyer et al., 2008; Koster, Hensens, Schuurmans, & van der Palen, 2012;  
Miyazaki et al., 2011;  Ozyurtkan et al., 2010; Egerton & Kay, 1964; Eriksson et al., 2002).  Although 
not necessary for a diagnosis, delirious patients have been known to hallucinate. These hallucinations 
occur in up to 58% of delirious patients after cardiothoracic surgery, and a comparable incidence rate 
of hallucinations is found in non-delirious patients after cardiothoracic surgery (Eriksson et al., 2002). 
Our study will have a slightly different take on this subject; we will investigate the incidence of 
delirium in patients who experience hallucinations after cardiothoracic surgery. 
 
Patients may also suffer from delusions when suffering from a delirium (Kirshner, 2007). The DSM-5 
state that delusions are rigid beliefs that are not susceptible to change. The themes of the delusions 
may vary, with persecutory delusions and referential delusions as the most common. These delusions 
are respectively, the belief that the patient is being harmed or persecuted, and that certain 
comments made or messages on television are about the patient themselves (American Psychiatric 
Association, 2013). Delusions following delirium often revolve around themes from the current 
situation and/or the immediate environment (Cutting, 1987, as cited in Meagher et al., 2007). 
 
Literature on hallucinations and delusions after cardiac surgery is scarce, especially when it comes to 
potential consequences of these occurrences. Literature on Parkinson’s disease, where hallucinations 
occur in 6 to 40% of the patients,  suggests an association between hallucinations and cognitive 
functioning (Holroyd, Currie, & Wooten, 2001). In the Parkinson population, poor cognitive 
functioning was thought to be a risk factor for the development of Parkinson’s disease psychosis. This 
syndrome consists of (mostly visual) hallucinations, and sometimes delusions (Zahodne & Hubert, 
2008).  Literature on schizophrenia, where hallucinations and delusions often occur, clearly state that 
patients who suffer from this disorder function poorly on cognition (Matheson, Shepherd & Carr, 
2014; Heinrichs & Zakzanis, 1998). Although this could be ascribed to different (negative) symptoms 
(Bora, Yücel & Pantelis, 2010), it stands to reason that there might be an association between 
experienced hallucinations and delusions, and cognitive functioning. Whether this association exists 
in hallucinations and delusions after cardiothoracic surgery is a theory that has not yet been 
researched. 
 
Delirium might also be an important factor in cognitive functioning. Studies suggest that patients 
who suffered from post-operative delirium were more cognitively impaired than patients who did 
not develop post-operative delirium, and these differences were still present at follow-up (Slor et al., 
2013, & Witlox et al., 2013). 
 
There is still a lot we do not  know about hallucinations and delusions after cardiothoracic surgery. 
For instance, we do not know what the incidence rates of these disorders are. We do not know what 
the effects are on the patient’s well being, for example, whether there is a difference in cognitive 
functioning between delirious patients who hallucinated or suffered from delusions, and in non-
delirious patients who hallucinated or suffered from delusions.  Furthermore, we do not know 
whether these disorders are separate disorders, or part of an underlying syndrome like delirium.   
 
To better understand the occurrences of hallucinations and delusions, both as separate disorders and 
in combination with delirium, we decided to conduct an observational follow-up study. The aims of 
this study are to report a reliable incidence rate of both hallucinations and delusions, a reliable 
incidence rate of delirium in patients who suffer from hallucinations and delusions, to investigate 
whether hallucinations and delusions occur more often as a standalone syndrome, or in combination 
with a delirium, and to examine the association between hallucinations and delusions, with cognitive 
functioning.  
Research  Questions and Hypotheses: 
To satisfy the aims of this study, we formulated the following research questions. First of all, we 
wanted to know the incidence of hallucinations and delusions after cardiothoracic surgery. 
Furthermore, we wanted to know whether hallucinations or delusions occurred more often 
separately, compared to hallucinations or delusions in combination with delirium, after 
cardiothoracic surgery.  Lastly, concerning only the patients who hallucinated or were delusional 
after cardiothoracic surgery, we wanted to know whether there was a difference in cognitive 
functioning in patients who were delirious or non-delirious.  
 
We expected hallucinations to occur in half of the patients that were assessed (Eriksson et al., 2002), 
and delusions to occur in a quarter of the patients that were assessed.  Furthermore, we expected 
hallucinations to occur more often as a standalone syndrome, compared to hallucinations in 
combination with delirium, and the same goes for delusions. Lastly, we expected there to be a 
significant difference in cognitive functioning between patients who were delirious and patients who 
were non-delirious, in both the delusional patients, and the patients who hallucinated. We expected 
poorer cognitive functioning in delirious patients, than in non-delirious patients, for both the patient 
groups  (Slor et a., 2013, & Witlox et al., 2013).  
 
 
 
 
  
Methods 
Design;  
The study was an observational follow-up study, where our goal was to accurately document the 
occurrence of hallucinations, delusions and delirium after cardiothoracic surgery, and where we 
wanted to examine whether cognitive functioning was dependent of the occurrence of delirium, in 
both patients who hallucinated and patients who were delusional. 
Sample; 
Cardiothoracic patients in the University Medical Centre Utrecht (UMCU), of all ages (>18), and both 
genders were recruited for this study. All patients who satisfied the following criteria were included: 
- Cardiothoracic patient 
- Over 18 years old 
- Singular cardiothoracic surgery,  
- Signed an informed consent.  
All patients who satisfied any of the following criteria were excluded: 
- Neurologic co-morbidity (for instance, stroke with aphasia or other cognitive problems) 
- Current or previous alcohol-abuse (defined as more than 15 drinks per week) 
- Psychiatric co-morbidity (certain medications might cause hallucinations) 
- Problems with vision and/or hearing 
- Post-operative complications (QPE-interview after 7 days) 
- Not fluent in Dutch. 
We had to adhere to a protocol, that had been approved by the Medical Ethical Testing Committee 
(METC) of the UMCU, which stated that we aimed to include a total of 80 participants.  
Measures;  
Delirium 
The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU; Ely et al. 2001) was used by 
the researcher to screen for delirium in the morning, and is rated as a valid and reliable instrument in 
a research setting (Guenther et al, 2010). It is divided into four subsections; ‘Acute onset or 
fluctuating course’, ‘Inattention’, ‘Altered level of consciousness’, and ‘Disorganized thinking’. If 
patients score positive on both ‘Acute onset or fluctuating course’ and ‘Inattention’, and on ‘Altered 
level of consciousness’ or ‘Disorganized thinking’ the patients were scored as delirious. This means 
that we used two outcomes for this measure; either Delirious (positive score on the CAM-ICU) or 
Not-Delirious (negative score on the CAM-ICU). Furthermore, because delirium is known to have a 
fluctuating course, the researcher also used the nurse’s charts to assess whether a patient had been 
delirious during the rest of the day and night. They did this by looking for certain behaviors, for 
instance, extreme agitation that results in the patients exhibiting fidgeting behaviors. Based on these 
observations, it was possible to diagnose delirium in a patient.  
 
Hallucinations and delusions 
The Questionnaire Psychotic Experiences (QPE) was used by the researcher to assess hallucinations 
and delusions. It is divided into four subsections, with ‘Auditory hallucinations’, ‘Visual 
hallucinations’, ‘Hallucinations in other senses’, and ‘Delusions’. This measure helped us determine 
the specifics for hallucinations and delusions, and the outcome variables consists of a severity 
measure for the experienced hallucination(s), and delusion(s), and of descriptive questions 
concerning the experienced hallucination(s). This measure has not been validated yet. The collected 
QPE-data in this study was combined with data from other populations, where a different study will 
determine the validity and reliability of this measure. For the current study, we used the QPE to 
determine whether hallucinations and/or delusions occurred, giving us the following outcomes 
measures; Hallucinations, No-Hallucinations, Delusions, No-Delusions. Other variables we collected 
with this measure were hand preference and education levels.  
 
Global cognitive functioning 
The Mini-Mental State Examination (MMSE; Folstein, 1975) was used by the researcher to assess the 
current state of cognitive functioning of the patient, and appears to be a valid and reliable measure 
of cognitive impairment (Nelson, Fogel, & Faust, 1986). The MMSE consists of 11 questions, where 
each question assesses a different aspect of the mental status, including orientation in time and 
space, recall and language. The maximum score is 30, with a score of 24 or lower suggesting some 
form of cognitive impairment. However, some suggest that education-adjusted cut-off points should 
be used. This means that for a patient with a basic school education a score of 21 or lower indicates 
poor cognitive functioning, for a patient with a high school education a score of 23 or lower indicates 
poor cognitive functioning, and for a patient with graduate or university education a score of 24 or 
lower indicates poor cognitive functioning (Mitchell, 2013). We have used 24 as the cut-off score, 
giving us two outcome measures, poor cognitive functioning (score of 24 or less) and normal 
cognitive functioning (score of 25 or more). 
 
Electronic Medical Record 
Through the use of the Electronic Medical Record, different patient characteristics can be collected. 
To get a clearer picture of our study population, we collected the following variables; age, gender, 
the type of cardiothoracic surgery, and the amount of time the patients were dependent of the 
cardiopulmonary bypass. 
Procedure;  
All cardiothoracic patients who underwent their surgery in the University Medical Center Utrecht 
received information on this study. These patients were asked to sign an informed consent if they 
wanted to be included in our METC-approved study. 
Research suggests that the mean delirium duration is one to three days (Koster et al., 2012; Van den 
Boogaard et al., 2012) and that the most common first occurrence was on the second or third day 
post-surgery (Santos, Velasco, & Fraguas, 2004). Based on this finding, we followed the included 
patients for four days, where we assessed daily whether they were/had been delirious, and 
were/had been hallucinating. To be sure we did not miss an occurrence of delirium, hallucinations or 
delusions, we screened all patients on the first three days, regardless of their previous screenings. 
We used the CAM-ICU to screen for a delirium, and the QPE standard questions to assess whether 
they had hallucinated in the last 24 hours. The QPE standard questions are the basic QPE questions 
(e.g. Have you seen anything that you had no explanation for?) to assess whether or not the patient 
suffers from hallucinations. On the fourth day we screened for delirium using the CAM-ICU and, we 
assessed whether the patient had hallucinated and/or had delusions. By using the complete QPE, we 
have collected a detailed description of the experienced hallucinations and/or delusions. We have 
also assessed their global cognitive functioning on the fourth day, by using the MMSE.  
Data-analysis; 
The incidence of hallucinations and delusions in the population was determined by using the option 
‘Frequencies’ in SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp). To determine whether hallucinations or delusions occurred more often 
separately, compared to hallucinations or delusions in combination with delirium, after 
cardiothoracic surgery, the ‘Nonparametric binomial test’ in SPSS was used. Whether there was a 
significant difference in cognitive functioning between patients who had hallucinated and suffered 
from delirium compared to patients who only hallucinated was determined with the ‘Fisher Exact 
Test’ in SPSS. Whether there was a significant difference in cognitive impairment between patients 
who were delusional and suffered from delirium compared to patients who only suffered from 
delusions was determined by using the ‘Fisher Exact Test’ in SPSS. Assumptions for the ‘Chi-Square’ 
were tested, but the data did not satisfy the conditions needed. Therefore, the ‘Fisher Exact Test’ 
was used. We used a p-value of 0.05 or less as a significant result in all tests. 
  
Results 
Of the 305 signed informed consents, 204 patients were tested. The 101 patients who were not 
assessed were either dropouts due to exclusion criteria (n=28), dropouts due to withdrawal of 
consent (n=19), or due to the researcher being randomly unavailable, for instance due to sickness 
(n=54).  Of these 204 patients, only 50 patients showed signs of hallucinations and five of delusions 
(see Table 1). Of these five delusional patients, only one patient also showed signs of hallucinations.  
 
Table 1. Patient Characteristics 
 All patients 
(n=204) 
Hallucinations & No 
Delirium (n=43) 
Hallucinations & 
Delirium (n=7) 
Delusions & No 
Delirium  (n=3) 
Delusions & 
Delirium (n=2) 
Gender: male, n(%) 149 (73%) 31 (72%) 6 (86%) 2 (67%) 1 (50%) 
Age, mean years,(range) 65 (24-84) 67 (42-84) 73 (57-82) 56 (24-73) 73 (71-75) 
Hand preference 
Left 
Right 
No 
 
21 
175 
3 
 
37 
5 
1 
 
6 
1 
0 
 
2 
1 
0 
 
2 
0 
0 
MMSE score mean (range) 28 (18-30) 28 (18-30) 25 (22-29) 29 (29-29) 29 (29-29) 
Education: 
Verhage 1 
Verhage 2 
Verhage 3 
Verhage 4 
Verhage 5 
Verhage 6 
Verhage 7 
 
0 
13 
28 
22 
58 
49 
24 
 
0 
2 
2 
3 
16 
10 
9 
 
0 
1 
2 
1 
2 
1 
0 
 
0 
1 
0 
0 
2 
0 
0 
 
0 
0 
0 
0 
1 
1 
0 
Type of operation: 
CABG 
AVP 
MVP 
TVP 
CABG + Valve 
Miscellaneous  
 
90 
42 
27 
4 
31 
10 
 
18 
8 
8 
1 
4 
4 
 
3 
1 
1 
1 
1 
0 
 
2 
1 
0 
0 
0 
0 
 
0 
1 
1 
0 
0 
0 
CPB, mean minutes (range) 122 (35-331) 133 (35-324) 190 (79-289) 106 (75-148) 181 (165-197) 
Abbreviations: MMSE = Mini-Mental State Exam, CABG = Coronary Artery Bypass Graft, AVP = Aortic Valve Plasty, MVP = 
Mitralis Valve Plasty, TVP = Tricuspidalis Valve Plasty, CPB = Cardiopulmonary Bypass.  
 
 
Incidence rates 
To calculate the incidence of hallucinations and delusions in patients after cardiothoracic surgery, we 
used the option ‘Frequencies’ in SPSS. The results can be found in Table 2. 
 
Table 2. Incidence Rates of Hallucinations and Delusions (n=204) 
 n % 
Hallucinations 50 25 
Delusions 5 3 
 
Standalone syndrome or combined with delirium? 
To test our hypothesis that hallucinations occurred more often separately compared to 
hallucinations in combination with a delirium, we used a Nonparametric Binomial Test. Using a test 
proportion of .50, we found the following significant result: p < .001. This lead us to believe that the 
proportion of delirious/non-delirious is not equal in patients who hallucinate. By using the option 
‘Frequencies’ in SPSS we discovered only seven patients experienced both hallucinations and 
delirium, and 43 patients experienced only hallucinations (see Table 3).  
To test our hypothesis whether delusions occurred more often as a standalone syndrome, we first 
used the option ‘Frequencies’ in SPSS to determine whether there were enough patients to perform 
a statistical test. We discovered two patients who suffered  from both delusions and a delirium, and 
three patients only suffered from delusions. Unfortunately, this means our sample is too small to 
perform a statistical test. Furthermore, we found that delirium could also occur without 
hallucinations and delusions (see Table 3).  
Table 3. Occurrence Rates of Delirium, Delirium in Patients with Hallucinations, and Delirium in Patients with Delusions 
 n % 
Patients with Hallucinations   
Without Delirium 43 86 
With Delirium 7 14 
Patients with Delusions   
Without Delirium 3 NA* 
With Delirium 2 NA* 
Patients with Delirium    
Without Hallucinations or Delusions 10 53 
With Hallucinations or Delusions 9 47 
* Due to the small n, no reliable percentage can be determined 
Cognitive functioning 
To test our hypothesis whether there was a significant difference in cognitive functioning between 
patients who hallucinated and also suffered from delirium, compared to patients who only 
hallucinated, we used the Fisher Exact Test. The distribution of cognitive impairment was 
independent of the occurrence of delirium in people who hallucinated (p=.404). See Table 4 for a 
detailed description of the distribution of cognitive functioning. 
Table 4. Distribution of Normal and Poor Cognitive functioning  among Patients with Hallucinations (n=43), Hallucinations 
& Delirium (n=7), Delusions (n=3), and Delusions & Delirium (n=2). 
 Normal cognitive Functioning Poor cognitive functioning Missing data 
Patients with Hallucinations    
Without Delirium 15 2 26 
With Delirium 2 1 4 
Patients with Delusions    
Without Delirium 1 0 2 
With Delirium 1 0 1 
 
Due to the infrequent presence of delusions, no statistics could be computed to test our hypothesis 
whether there was a significant difference in cognitive functioning between patients who had 
delusions and also suffered from delirium, compared to patients who only suffered from delusions.  
Only two of the five delusional patients, one delirious and one non-delirious, were tested on 
cognitive functioning, and no cognitive impairment was found (see Table 4).  
  
Discussion 
In a group of 204 cardiothoracic surgery patients, we found an incidence rate of hallucinations of 
25%. Hallucinations occur significantly more as a standalone syndrome, than in combination with 
delirium. Although it occurs more often as a standalone syndrome, of the patients that developed 
hallucinations, about 14% also developed a delirium. The incidence rate of delusions following 
cardiothoracic surgery is 3%. This means that of the 204 patients, only 5 developed delusions. Of 
these patients, only two patients also developed a delirium. Due to the limited amount of delusional 
patients, a definitive answer regarding incidence of delirium in patients with delusions cannot be 
given.  
Cognitive functioning of our hallucinating population was assessed and performance of the patients 
with and without delirium was compared. Our hypothesis that patients who suffered from 
hallucinations and delirium will have poorer cognitive functioning compared to patients who only 
suffered from hallucinations was not accepted. Cognitive function or dysfunction seems to be 
independent of the occurrence of delirium in the hallucinating population post cardiothoracic 
surgery. However, due to the low occurrence of poor cognitive functioning, no definitive answer can 
be given. Cognitive functioning of our delusional population was assessed and performance of the 
patients with and without delirium was compared. We found no cognitive dysfunction, however, due 
to the limited amount of delusional patients, no definitive statistical answer can be given.   
One of the biggest strengths of this study is the use of validated questionnaires and tests, combined 
with the fact that these tests and questionnaires are obtained by qualified and skilled researchers. 
Furthermore, we did not only rely on tests when deciding whether a patients had been delirious, we 
also used the Electronic Medical Record, to ensure we did not miss any occurrence of delirium. 
Another big strength is the use of our exclusion criteria. By excluding all other possible causes of 
developing hallucinations (e.g., brain damage due to a cardiovascular accident (CVA), specific 
medication used to treat depression) we have ruled out other explanations for the development of 
hallucinations. Therefore, we can be sure that the occurrence of hallucinations is associated with the 
cardiothoracic surgery. Furthermore, we are one of the first studies to look at hallucinations and 
delusions after cardiothoracic surgery, both as standalone syndromes, and in combination with 
delirium. We are hoping our study is only one of the many to investigate the effects of these 
disorders, not only on cognitive functioning, but on other areas of functioning as well. One can 
imagine having hallucinations or delusions after cardiothoracic surgery could be quite frightening, 
especially when this is a standalone syndrome, and not a symptom of a larger syndrome, such as 
delirium. The delirious patients in our study often stated they could not remember much of the time 
they were delirious, including the hallucinations and/or delusions they had suffered from earlier. 
However, patients who only suffered from the hallucinations and/or delusions often remembered 
every detail of their experience. As of now, too little is known about the consequences of these 
disorders, therefore, future research is definitely needed.  
An important limitation of this study is the limited amount of delusional patients. This means that 
except for an incidence rate, answering any additional questions about the delusional population is 
impossible. Therefore, we unfortunately cannot give any definitive answers on the research 
questions regarding the delusional population. Another limitation of this study was that the study 
was done by many different people at different points in time. This might have lead to researchers 
missing patients, and therefore missing data. Furthermore, because we started using the MMSE 
about halfway through the study, we have a couple of patients whose cognitive functioning we have 
not measured, leading to random incomplete datasets. 
Previous studies laid the foundation of our study, leading us to base our hypotheses on the results 
gathered from these studies. Unfortunately, our results either do not match earlier findings, or there 
are no earlier findings to compare our results to. We found different incidence rates, of both 
hallucinations, and delirium in combination with hallucinations. Eriksson et al. (2002) found higher 
incidence rates, 58% of the non-delirious patients in their study hallucinated, and a similar rate of 
hallucinations in delirious patients was found. This means that they found an incidence rate of 
hallucinations in their entire study population of 58%, whereas hallucinations occurred in only 25% of 
our population. No incidence rates for delusions after cardiothoracic surgery were found in previous 
research, therefore we cannot compare our results on delusions, and delirium in combination with 
delusions to previous results. We found an incidence rate of delirium of 9%, which lies within the 
incidence range of 8 to 57% found in previous literature (Lin, et al., 2012, as cited in O’Regan et al., 
2013; Blachly & Starr, 1964; Burns et al., 2009; Detroyer et al., 2008; Koster, Hensens, Schuurmans, & 
van der Palen, 2012;  Miyazaki et al., 2011;  Ozyurtkan et al., 2010; Egerton & Kay, 1964; Eriksson et 
al., 2002).  The differences in delirium incidence rates can be explained. Delirium has a fluctuating 
course, and is therefore easy to miss, especially when the patient is not monitored 24/7. We tested 
the patients every morning, and depended on the evaluation of nurses throughout the day and night 
to determine whether patients were delirious. It is therefore not unthinkable that some cases of 
delirium might have been missed. Regarding the differences in incidence rates for hallucinations, it is 
possible that some people might have hallucinated, but could not remember this the following day. 
During our study, we often found patients had hallucinated after waking up from the anaesthetic, but 
could not remember this the following day. If it wasn’t for the family members who informed us 
about these hallucinations, we would not have known such hallucinations had appeared.  
Regarding only the patients who hallucinated, or were delusional, we found no evidence of 
statistically significant differences in cognitive functioning when delirious patients were compared to 
non-delirious patients. These lack of significant results regarding cognitive functioning can be 
explained. Of the 55 patients assessed, only 22 patients completed the MMSE. Of these 22 patients, 
only three patients exhibited poor cognitive functioning. We assessed cognitive functioning on the 
fourth day after cardiothoracic surgery, when most patients had already recovered from their 
hallucinations, delusions, and/or delirium. Given our results, it is possible we missed poor cognitive 
functioning during one of the disorders, and tested normal cognitive functioning after the patients 
suffered from the disorder. Future research should try to assess cognitive functioning while the 
patients are still suffering from hallucinations, delusions, and/or delirium. 
Our results have important implications. It is standard protocol for patients who undergo 
cardiothoracic surgery to be given brochures on the risks of developing a delirium after surgery. 
Patients and their families are prepared for the fact that a delirium can occur. However, our results 
show that patients do not necessarily develop a delirium when they experience hallucinations or 
delusions. Therefore, patients and their families should also be prepared for the possibility of 
developing hallucinations or delusions, without other symptoms. A new brochures might be needed, 
to aptly explain hallucinations and delusions as standalone syndromes, and to inform the patients’ 
families how to properly respond to the suffering patient (i.e. calm the patient down, reassure the 
patient that they are save). 
Future research should focus on possible consequences of hallucinations and delusions, for instance, 
they should focus on whether hallucinations and delusions affect the emotional state of patients. If 
patients suffer from hallucinations and/or delusions, nurses should be able to adapt their care to the 
situation. When we know the exact consequences of these disorders, we could improve not only 
hospital care, but also after care. For instance, when hallucinations lead to increased anxiety, 
psychological care can be provided. When these future studies show that suffering from 
hallucinations and/or delusions could lead to emotional suffering, follow-up studies should be done 
to find out whether these emotional problems persist over time.  
This study aimed to determine the incidence of hallucinations and delusions after cardiothoracic 
surgery, to determine the occurrence of delirium among patients who hallucinated or were 
delusional, and to determine whether cognitive functioning was dependent on the occurrence of 
delirium, among patients who hallucinated or were delusional. We reported an incidence of 25% for 
hallucinations, and 3% for delusions after cardiothoracic surgery. Delirium occurred in only 14% of 
the patients who hallucinated, meaning hallucinations occur significantly more often as a standalone 
syndrome. Furthermore, delirium occurred in two of the five patients who were delusional, but due 
to the low incidence of delusions after cardiothoracic surgery, no definitive answers can be given on 
the occurrence of delirium in a delusional population. No significant results were found regarding 
cognitive functioning in both the patients who hallucinated and patients who were delusional. 
However, due to the low occurrence of poor cognitive functioning, and the limited amount of 
delusional patients, no definitive answer can be given regarding the effects of delirium on cognitive 
functioning   
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